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CPR MASK WITH COMPRESSION TIMING METRONOME AND
METHODS

BACKGROUND OF THE INVENTION

This invention relates generally to the field of resuscitation, and 1n
particular, to the field of cardiopulmonary resuscitation. More specifically, the invention
is related to techniques for assisting a rescuer in performing appropriately timed chest
compressions and in ventilating a patient.

Sudden cardiac arrest is a significant cause of death throughout the world.
The performance of cardiopulmonary resuscitation (CPR) is one well-accepted technique
to assist in restoring cardiac function. The effectiveness of CPR may depend upon the
manner of its performance. For example, when performing CPR i‘t may be desirable to
compress the chest at a certain rate. Also, it may be desirable fo pertorm chest
compressions according to a certain rhythm as described generally in "The Guidelines of
for CPR and Emergency Cardiovascular Care", JAMA, 1992; 268: 2172-2295, the
complete disclosure of which is herein incorporated by reference. Even when properly
trained, however, the correct performance of CPR on a patient can be difficult. For
example, it may be difficult to evaluate whether chest compressions are being performed
at an optimal rate.

When performing CPR, it may also be desirable to periodically ventilate
the patient, e.g., using mouth to mouth resuscitation. However, the proper timing of
ventilations may be difficult to evaluate when performing CPR. Further, many
ventilation techniques may transfer respiratory pathogens between the rescuer and the
patient.

Hence, the invention is related to techniques for facilitating the
performance of CPR, and in particular, to the manner in which chest compressions and/or
ventilations are performed. The invention is also related to techniques for preventing the

transfer of contaminants between the rescuer and patient when providing ventilation.

SUMMARY OF THE INVENTION
The invention provides exemplary facial masks that may be used when
performing cardiopulmonary resuscitation (CPR). In one embodiment, a facial mask

comprises a mask body that is adapted to be coupled to a patient’s face. The mask also
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includes a valve system to permit the inflow of respiratory gases into the mask body and
to permit the outflow of respiratory gases from the mask body. A metronome 1is coupled
to the mask body to produce a repeating audio and/or visunal signal upon its actuation. In
turn, the repeating signal may be used to facilitate the performance of regular chest
compressions when performing CPR. By including the metronome with the mask body, a
rescuer 1s provided with the ability to facilitate the proper performance of CPR without
requiring extra peripheral equipment.

In one aspect, the metronome may be configured to produce the repeating
audio and/or visual signal at a constant rate in the range from about 50 signals per minute
to about 100 signals per minute. Optionally, the metronome may include a light source
and/or a speaker to produce a flashing light or an audible tone or voice command to
indicate when chest compressions should be performed.

In another particular aspect, the metronome may be configured to produce
a chest compression signal and a ventilation signal. In this way, the rescuer may perform
chest compressions in cadence with the chest compression signal and perform ventilations
in cadence with the ventilation signal. For example, the chest compression signal may be
a flashing light, while the ventilation signal may comprise an audible sound, or vice
versa. As another example, the signals may be differentiated by different colored flashing
lights or different audible tones. In another aspect, the ventilation signal may be
produced one to two times about every 5 to about 25 chest compression signals.

In another particular aspect, the valve system may be provided with an
inhalation port and an exhalation port. Conveniently, the valve system may be configured
such that respiratory gases are permitied to flow through the inhalation port when
respiratory gases are introduced into the mask through the inhalation port. Further,
expired gases are permitted to flow out of the exhalation port while being prevented from
passing through the inhalation port. In one aspect, the valve system may include a fish
mouth membrane valve unit that is configured to block gas flow to the exhalation port
when gases are introduced into the inhalation port. The valve unit is also configured to
permit gases expired from the patient to flow to the exhalation port while preventing the
gases from flowing to the inhalation port. Conveniently, a filter may be disposed across
the mhalation port to prevent contaminants from passing from the rescuer to the patient.

In one particular aspect, the valve system may further include an

inspiratory impedance threshold valve that 1s constructed similar to those described n

U.S. Patent Nos. 5,551,420 and 5,692,498, the complete disclosures of which are herein
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incorporated by reference. In this way, inspiratory gases are prevented from entering into
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the mask until a threshold negative intrathoracic pressure within the patient 1s met or
exceeded. The valve system may further include a positive end expiration valve similar
to those described 1n U.S. Patent Nos. 5,551,420 and 5,692,498 to prevent gases from
escaping from the mask until a certain pressure within the mask 1s met or exceeded.

In another aspect, an inflatable bladder may be coupled to the bottom end
of the mask to assist in providing a seal between the patient’s face and mask body. In
another aspect, a power supply may be coupled to the mask body, or incorporated within
the mask body, to supply power to the metronome. In still another aspect, one or more
straps may be coupled to the mask body to facilifate coupling of the mask to the patient’s
face. An adhesive may be used alone or in combination with the straps and/or inflatable
bladder to facilitate coupling of the mask to the patient's face. In still another aspect, a
mouthpiece may be attached to the facial mask to facilitate the performance of mouth to
mask ventilation.

The mvention further provides an exemplary method for performing CPR.
According to the method, a mask 1s coupled to the patient’s face, with the mask having a
metronome and a valve system to permit the inflow of respiratory gases into the mask and
to permit the outflow of respiratory gases from the mask. The metronome 1s actuated to
produce a repeating signal, and chest compressions are performed in cadence with the
repeating signal. Hence, with such a method, a facial mask may easily be coupled to the
patient’s face and the metronome actuated to produce a repeating signal that 1s employed
to facilitate the proper performance of CPR.

In one particular aspect, respiratory gases may be prevented from flowing
into the mask until a threshold negative pressure is met or exceeded. In this way, CPR
efficiency may be increased, with proper performance of CPR being facilitated by the
signals produced from the metronome. Also, expired respiratory gases may be prevented
from exiting the mask until a certain pressure within the mask 1s met or exceeded.

In one aspect, the repeating signal is produced at a constant rate 1n the
range from about 50 signals per minute to about 100 signals per minute. Conveniently,
the metronome may produce a flashing light or an audible tone when each chest
compression 1s to be performed.

In another aspect, a respiratory gas 1s periodically supplied through the
valve system. This may be accomplished, for example, by having the rescuer blow mto

the inhalation port, by coupling a ventilatory bag to the inhalation port and squeezing the
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bag, and the like. In one particular aspect, the valve system may be employed to prevent
any expired respiratory gases from the patient from passing through the inhalation port.
The valve system may further be configured to permit any expired respiratory gases to
exit the exhalation port following ventilation. In this way, expired respiratory gases from
the patient are prevented from reaching the rescuer. Conveniently, the respiratory gases
from the rescuer to the patient may be filtered to prevent respiratorial contaminants from
reaching the patient.

Conveniently, the mask may include an on/off switch to permit the rescuer
to operate the switch and begin the metronome when ready to perform CPR. In addition,
the metronome and an accompany power supply (such as batteries) may be detached from
the mask to facilitate cleaning of the mask and charging and/or replacement of the
batteries. Conveniently, straps may be provided to permit the rescuer to strap the facial
mask to the patient’s face. An adhesive may also be used to couple the mask to the
patient's face.

In still another embodiment, the imnvention provides a kit that mdy be used
when performing CPR. The kit includes a facial mask having a valve system to permit
respiratory gases to be supplied to the patient through the mask. A carrying case 1s also
provided to provide a convenient way to carry the mask. For example, the carrying case
may comprise a housing for holding the mask. The carrying case includes a metronome
that may be actuated by the rescuer when performing CPR. A mouthpiece connector
may also be provided to facilitate mouth to mask ventilation. Further, an impedance
threshold valve and/or a positive end expiration valve may also be provided to regulate
gas inflow and outflow as previously described. These valves may be incorporated into
the mask or may be configured to be detachable. Hence, with such a kit, the rescuer
simply needs to remove the mask from the carrying case and place 1t on the patient’s face.
The metronome of the carrying case may then be actuated to assist the rescuer in
performing regular chest compressions when performing CPR. Conveniently, the
carrying case may include a strap, a belt, or the like to permit the carrying case to be
secured to the rescuer. In this way, the mask and metronome may easily be carried with
the rescuer.

The facial masks of the invention may be used when performing a wide
variety of procedures. These may include, for example, manual closed chest CPR, ACD
CPR, mterposed abdominal counterpulsation CPR, CPR with a life stick or a vest, open

chest CPR techniques, techniques utilizing minimally invasive cardiac compression
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devices, CPR with devices which increase and/or decrease intrathoracic pressures, and the

10

15

20

25

30

like.

In another embodiment, electrodes may be coiled inside of the mask 1n the
resting state and extended outward to the neck region of the patient when the mask 1s
employed. The stimulation electrodes may be controlled and power may be supplied by
an electrical control system. The facial mask metronome may be coupled to the control
system so that manual chest stimulation and phrenic nerve stimulation may be

synchronously performed using the metronome.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a top view of one embodiment of a facial mask having a
metronome according to the mvention.

Fig. 2 1s a side view of the facial mask of Fig. 1.

Fig. 3 is a partial cutaway side view of the mask of Fig. 2 when respiratory
gases are being supplied to the patient.

Fig. 4 1llustrates the mask of Fig. 3 when the patient exhales.

Fig. r5 illustrates the mask of Fig. 3 when coupled to an inspiratory
threshold valve.

Fig. 6 1s a flow chart illustrating one method for performing CPR
according to the invention.

Fig. 7 1s a top perspective view of a kit that may be used when performing
CPR.

Fig. 8 illustrates the mask of Fig. 3 when used with a gas sensor system.

Fig. 9 illustrates an electronic circuit that may be used to generate an
audible tone and a flashing visual diéplay.

Fig. 10 illustrates a bottom view of the mask of Fig. 1 with a set of
stimulating electrodes.

Fig. 11 illustrates the mask of Fig. 10 with a power source that may be

coupled to a defibrillator to stimulate diaphragmatic contracts.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS
In one embodiment, the invention provides a facial mask that incorporates
a metronome to assist a rescuer in the performance of CPR. The facial mask is

configured to be secured to a patient’s face to facilitate ventilation of the patient while
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performing CPR. The mask may be secured manually by the rescuer, by use of an
adhesive, or by the use of straps placed around the patient's head. By incorporating a
metronome, a chest compression signal may be produced to guide the rescuer 1n
performing regular and appropriately timed chest compressions. For example, the
metronome may produce a repeating chest compression signal that repeats at a constant
rate 1n the range from about 50 signals per minute to about 100 signals per minute, and
more preferably at about 80 signals per minute. The metronome may also be configured
to produce a regular and repeating ventilation signal to indicate when the patient should
be ventilated. For example, the ventilation signal may be produced one to two times
about every 5 to 25 chest compression signals to indicate that a ventilation should be
performed.

A variety of signals may be employed to indicate when chest compressions
or ventilations should be performed. Such signals may include, for example, visual
signals, audible signals, and the like. Merely by way of example, such signals may
include a flashing light, a beep, a voice, a whistle, a bell, vibrations, and the like.
Different types of the same signal or different signals may be used to differentiate
between a chest compression signal and a ventilation signal. For example, the signals
may be differentiated based on colors, sound levels, frequency, pitch, voice commands,
and the like, as well as the use of different types of signals. Merely by way of example,
an audible beep may be produced each time a chest compression is to be performed while
an audible “breathe’ would be produced to mdicate that a ventilation should be
performed. Hence, such a cadence would be as follows: “beep, beep, beep, beep,
breathe, beep . . ..” Further, it will be appreciated that different types of signals may be
produced at the same time to enhance their perception. For example, a flashing light and
a beep may be produced at the same time to indicate that a chest compression should
occur.

The facial masks may also utilize a valve system to permit the exchange of
respiratory gases. The facial masks and/or valve systems may have a variety of designs,
and may be constructed of a variety of materials, including rubber, silicone, plastic,
polyurethane, polycarbonate, acrylic, blends, other synthetic poly carbons, and the like.
In one aspect, the valve system may be configured to prevent respiratory gases or fluids
produced by the patient from coming into contact with the rescuer. For example, the
valve system may include an inhalation port that 1s only opened during ventilation so that

gases from the patient are not able to exit through the inhalation port. Further, the valve
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system may include an exhalation port that is apart from the inhalation port to permit the
exit of respiratory gases from the patient only through the exit port. Preferably, the exit
of respiratory gases from the patient will be permitted only after a ventilation has stopped.

In one particular embodiment, a face mask system may include a facial
mask that is coupled to an inspiratory impedance valve as described in U.S. Patent Nos.
5,551,420 and 5,692,498. The system may further include a mouthpiece, a detachable
metronome, and an expiratory port that 1s spaced apart from the inspiratory port.

In another embodiment, the invention provides a kit that may be used
when performing CPR. The kit includes a carrying case that incorporates a metronome
that may be similar to the other metronomes described herein. The carrying case 1s
utilized to carry a facial mask that has a valve system to permait the exchange of
respiratory gases. In this way, a rescuer may conveniently carry the carrying case to a
location where the patient is to be treated. The mask may then be removed from the case
and coupled to the patient’s face. The metronome 1n the carrying case 1s then actuated to
facilitate the performance of CPR in a manner similar fo that previously described. The
kit may further include a power source, stimulating electrodes, an impedance threshold
valve and a mouthpiece for mouth to mask ventilation.

Referring now to Figs. 1 and 2, one embodiment of a facial mask 10 will
be described. Mask 10 comprises a mask body 12 to which is coupled an inflatable
bladder 14 (see Fig. 2) or other flexible surface capable of maintaining an airtight seal
between the mask and the face. An optional inflation port 16 is provided to facilitate
inflation of bladder 14. When bladder 14 1s inflated and pressed against the patient’s
face, a seal 1s provided with the patient’s face to prevent the escape of respiratory gases
from the interface between the mask and the patient’s face.

Conveniently, a pair of head straps 18 and 20 are provided to facilitate the
attachment of mask 10 to the patient’s face. Conveniently, straps 18 and 20 may include
a hook and loop fastener material, such as a Velcro™ material to facilitate convenient
coupling of the two straps. When properly attached to the patient’s face, mask body 12
covers the patient’s mouth and nose so that a supply of respiratory gases into mask body
12 will be transferred to the patient’s airway.

Facial mask 10 further includes a housing 22 for housing a valve system
24 (see also Figs. 3 and 4) and a metronome module 26. As best shown in Fig. 2,

metronome module 26 comprises a metronome circult 28 that 1s configured to produce
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one or more repeating electrical signals that 1n turn are employed to produce repeating
chest compression signals and ventilation signals as described in greater detail
hereinafter. A battery 30 1s also included to supply power to metronome circuit 28.
Conveniently, battery 30 may comprise a low-voltage battery, such as a 0.2 to 6 volt D.C.
battery. An on/off slide switch 32 1s provided to turn metronome module 26 on and off.
Flectrically coupled to metronome circuit 28 1s an audio speaker 34 that 1s
configured o produce a repeating audible signal as dictated by metronome circuit 28.
Audio speaker 34 may be configured to produce a wide variety of sounds, such as speech,
beeps, and the like. A light source 36, such as a light emitting diode (LED), may be
coupled to circuit 28 to provide visual signals to assist in the performance of CRP.
Alternatively, multiple LEDs that are covered by a translucent ring (not shown) may
optionally be electrically coupled to metronome circuit 28. In this way, a repeating visual
signal may be produced to indicate that a chest compression or ventilation should be
performed. Optionally, the translucent ring may be divided into separate sections having
different colors, and metronome circuit 28 may be configured to light selective LEDs to
produce different colors. This may be used, for example, to separately indicate when a
chest compression or a ventilation should be performed. As another alternative,
metronome circuit 28 may be configured to illuminate various LEDs at different
intensities to differentiate between a chest compression signal and ventilation signal.
Optionally, the audible signals and visual signals may be produced simultaneously to
apprise the rescuer that 1t is time to perform a chest compression or ventilation.
Alternatively, the audible signal may be used to indicate a chest compression while a
visual signal 1s used to 1indicate that a ventilation should be performed, or vice versa.
Module 26 may be configured to be detachable from mask body 12. In
this way, mask body 12 may be cleaned without damaging the components of module 26.
Further, module 26 may be removed and disassembled to replace or recharge battery 30.
Referring primarily now to Figs. 3 and 4, construction of valve system 24
will be described. In so doing, it will be appreciated that mask 10 may include other
types of valve systems and that the invention is not mtended to be limited to the specific
valve system illustrated 1n Figs. 3 and 4. Valve system 26 comprises an inhalation port
38 through which respiratory gasses that are to be supplied to the patient may be directed.
bonveniently, inhalation port 38 may be configured to receive respiratory gasses directly
from a rescuer that blows respiratory gasses through ihalation port 38. Optionally, a

mouthpiece may be coupled to port 38 to assist with ventilations. Alternatively, a
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compressible bag may be coupled to inhalation port 38 so that respiratory gasses may be
supplied through inhalation port 38 when the bag is squeezed. As described hereinatfter,
an impedance threshold valve may be coupled to port 38 to further regulate gas flow.
When such a valve is used, its inhalation port effectively becomes the inhalation port for
valve system 26.

System 24 further includes an exhalation port 40 through which gasses
expired by the patient are directed and exhausted from mask body 12. A membrane 41
having an integral fish mouth valve 42 is placed across housing 22 and 1s suppotted by a
membrane support 43. System 24 further includes a tubular member 44 that couples
system 24 to mask body 12. Membrane 41 1s positioned over a top end 45 of tubular
member 44. Conveniently, an airflow deflector 46 1s positioned between port 38 and
membrane 41.

When ventilating the patient, respiratory gases are forced through
inhalation port 38 as shown by the arrow. These gases are deflected by deflector 46 and
pass through fish mouth valve 42 as shown 1 Fig. 3. As the gases flow against
membrane 41, a seal is provided between top end 45 and membrane 41 to prevent the
gases from escaping through port 40. Optionally, valve system 24 may include a filter
(not shown) that is disposed across inhalation port 38. In this way, respiratory gases
which are introduced into inhalation port 38 are filtered before reaching the patient.

When the patient exhales (or gases are forced from the patient), the
pressure generated from the expired gases causes fish mouth valve 42 to close, directing
the expired gases to flow through tubular member 44 and cause membrane 41 to lift oft of
top end 45. In this way, the expired gasses will be torced out through exhalation port 40
and away from the rescuer to prevent any contaminants from reaching the rescuer as
shown 1n Fig. 4. Optionally, a positive threshold valve may be placed across port 40 to
prevent the gases from escaping until a certain positive mtrathoracic pressure 1s met or
exceeded as d“escribed generally in U.S. Patent Nos. 5,551,420 and 5,692,498.

As 1llustrated in Fig. 5, an impedance threshold valve 47 may be coupled
to port 38 to prevent respiratory gases from being drawn through valve system 24 until a
threshold negative itrathoracic pressure is met or exceeded when performing chest
decompressions as described i U.S. Patent Nos. 5,551,420 and 5,692,498. When gases
are forced into valve 47 (such as during a ventilation), the gases flow through valve 47
and 1nto the mask as described in U.S. Patent Nos. 5,551,420 and 5,692,498.

Conveniently, valve 47 may be integrally formed with housing 22 or may be a separate
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unit that may be inserted into port 38 when needed. An optional pressure sensor 49 may
be located within the valve and may, in some embodiments, be coupled to a phrenic nerve
stimulator to regulate the amount of negative pressure in the chest.

Referring now to Fig. 6, one method for performing CPR using mask 10
will be described. Initially, the mask 1s coupled to the patient’s face as 1llustrated in step
54. The metronome is then turned to the “on” position as shown 1n step 56. With the
metronome actuated, chest compressions are performed 1n cadence with the metronome
as 1llustrated in step 58. Periodically, the patient 1s ventilated through the mhalation port
in cadence with the metronome as illustrated in step 59. As previously described, an
inhalation signal may periodically be produced by the metronome to indicate when
ventilations should be performed. Optionally, gases from the rescuer to the patient may
be filtered as illustrated in step 60. As another optional step, gasses or fluids may be
prevented from flowing back through the inhalation port and to the rescuer as shown 1n
step 61. In another optional step, an impedance threshold valve may be used to prevent
the flow of gases to the patient's lungs during the decompression phase of CPR until a
threshold negative intrathoracic pressure has been met or exceeded as shown 1n step 62.
Also, a PEEP valve may be used to prevent gases from escaping from the lungs until a
certain intrathoracic pressure has been exceeded during the compression phase ot CPR.
As shown in step 63, the stimulation of diaphragmatic contraction may optionally be
synchronized with chest compression as described in greater detail hereinafter. As shown
in step 64 a power source that 1s coﬁnected to a defibrillator may be employed to
stimulate diaphragmatic contraction. A closed loop feedback may optionally be included
between a safety check valve pressure sensor and a voltage regulator to regulate the
amount of intrathoracic pressure which develops with each phrenic nerve stimulation.

Referring now to Fig. 7, one embodiment of a kit 66 that may be used to
facilitate the performance of CPR will be described. Kit 66 comprises a carrying case 68
having a main body 70 and a lid 72 that may be opened to gain access to a compartment
74. In this way, a facial mask 76 may be stored within compartment 74. Case 68 further
mncludes a metronome that may be constructed in a manner similar to that previously
described herein. Conveniently, an on/off slide switch 78 may be employed to turn the
metronome on and off. A speaker 80 is provided to produce a repeating signal to mndicate
when chest compressions or ventilations are to be performed. Although not shown, it will

be appreciated that one or more lights may be included on case 68 to provide a visual
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signal to indicate when chest compressions or ventilations are to be performed in a
manner similar to that previously described.

By providing the metronome as part of carrying case 68, mask 76 may be
constructed to be conventional in nature and will not need a metronome as with other
embodiments. Hence, to perform CPR, hid 72 is opened and facial mask 76 1s removed
from compartment 74. Mask 76 is then attached to the patient’s face and used to facilitate
ventilation of the patient. Switch 78 may then be turned to the “on’ position to produce a
repeating signal to indicate when chest compressions and ventilations are to be
performed.

Although not shown, a variety of attachment mechanisms may be
employed to attach case 68 {0 a rescuer. For example, case 68 may include a clip to
permit case 68 to be attached to a rescuers belt or pocket. Alternatively, one or more
straps may be provided to strap case 68 about a rescuer’s arm, waist, leg or the like. In
this way, kit 66 is portable and may conveniently be taken to a scene where a patient
needs treatment. Optionally, kit 66 may also mclude an impedance threshold valve, a
mouthpiece that may be attached to the inhalation port, and/or a CO, sensor or sensor port
to provide the rescuer with feedback from the expiratory port about the level of end tidal
CO;, 1n a manner similar to that described in connection with Fig. 8.

As shown in Fig. 8, mask 10 may optionally include an end tidal CO,
sensor port 90. In this way, an end tidal CO; sensor 92 may optionally be coupled to port
90 to provide the rescuer with feedback related to the amount of CO; 1n expiratory gases,
which 1s in indirect measure of the patient's cardio pulmonary circulation. Conveniently,
a remote display unit 94 may be provided to display the amount of CO, measured by
sensor 92.

Referring now to Fig. 9, one embodiment of a circuit 100 that may be used
to generate an audible tone and flashing visual display that beeps/flashes at a frequency of
1.33 to 1.66 Hz (80 to 100 beats/pulses per minute will be described). Circuit 100 1s
powered by a battery source 102 that supplies current to each of the individual circuit
stages. A first LM555 timer 104 is configured to oscillate 1n the astable configuration at
the previously mentioned frequency range upon power up. Each frequency output pulse
has a pulse width of 750 milliseconds that illuminates a red light emitting diode 106 and
triggers a second LMS555 timer 108 to oscillate in the astable configuration at 351 Hz.
The 351 Hz analog signal 1s connected to the input stage of an LM386 audio amplifier

110 which amplifies the signal and feeds it to a micro audio transducer 112 that produces
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an audible tone. Both the visual flash and audible tone occur simultaneously at a
frequency of 1.33 to 1.66 Hz until circuit power 1s turned off.

Fig. 10 illustrates a bottom view of mask 10. Optionally coupled to mask
10 are a pair of stimulation electrodes 116. As shown, electrodes 116 are coiled into a
storage position. When ready for use, electrodes 116 are uncoiled as shown in Fig. 11. In
use, electrodes 116 may be placed onto the patient at a location selected to stimulate the
phrenic nerve to cause diaphragmatic stimulation 1n a manner similar to that described 1n

copending U.S. Patent Application Serial No. , filed on the same date as

the present application (attorney docket no. 16354-003230), the complete disclosure ot
which is herein incorporated by reference. In one embodiment, a pressure sensor, such as
a pressure transducer, may be incorporated into the face mask or the impedance valve to
provide feedback to a voltage regulator to maintain tracheal pressures at a given pressure
during phrenic nerve stimulation. Exemplary stimulation sites for electrodes 116 are over
the anterior and posterior neck regions over C3-C5 of the cervical spine. A remote power
source 118 may be included to supply power to electrodes 116 when stimulation is
required.

Optionally, a defibrillator connector 120 may be used to couple a
defibrillator to the system to control electrical stimulation of electrodes 116. The
metronome of mask 10 may optionally be electrically coupled to the defibrillator so that
manual chest stimulation and phrenic nerve stimulation may be synchronously performed.
In this way, a signal may be provided to the rescuer indicating when chest compressions
should occur which will be at the same time that phrenic nerve stimulation occurs to
cause the diaphragm to contract.

As another alternative, mask 10 with electrodes 116 may be included as
part of a kit in a manner similar to that previously described in connection with Fig. 7.
With this alternative, the carrying case may include a power supply and circuitry to
supply current to electrodes 116. The carrying case may also contain controls to regulate
the flow of current to the electrodes, the timing of pulsation, the pulse width, and the like.

The invention has now been described in detail for purposes of clarity and
understanding. However, it will be appreciated that certain changes and modifications

may be practiced within the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A facial mask comprising:

a mask body that 1s adapted to be coupled to a patient’s face;

a valve system to permit the inflow of respiratory gases mnto the mask body
and to permit the outflow of respiratory gases from the mask body; and

a metronome coupled to the mask body to produce a repeating chest
compression signal to facilitate the performance of regular chest compressions when

performing cardiopulmonary resuscitation.

- 2. A mask as 1 claim 1, wherein the metronome 1s configured to
produce the repeating chest compression signal a constant rate in the range from about 50

signals per minute to about 100 signals per minute.

3. A mask as 1n claim 1, wherein the metronome includes at least one

light source that is repeatedly lighted to produce the repeating signal.

4, A mask as 1n claim 1, wherein the metronome mcludes at least one

speaker to repeatedly produce an audible signal or verbal command.

5. A method as in claim 1, wherein the metronome 1s further
configured to produce a repeating ventilation signal to facilitate the performance ot

regular ventilations when performing cardiopulmonary resuscitation.

6. A method as in claim 5, wherein the metronome 1s configured to
produce the repeating ventilation signal one to two times about every 5 to about 25 chest

compression signals.

7. A mask as in claim 1, wherein the valve system includes an
inhalation port and an exhalation port, wherein the valve system 1s configured such that
respiratory gases are permitted to flow through the inhalation port when respiratory gases
are introduced into the mask through the inhalation port, and such that expired gases are
prevented from passing through the inhalation port while being permaitted to flow out of

the exhalation port when respiratory gases are expired by the patient into the mask.

8. A mask as in claim 7, wherein the valve system further comprises a

fish mouth membrane valve unit that is configured to block gas flow to the exhalation
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port when gases are introduced into the inhalation port, and to permit gases exhaled by
the patient to flow to the exhalation port while preventing the gases from flowing to the

inhalation port.

0. A mask as in claim 1, further comprising an inflatable bladder
coupled to a bottom end of the mask body, and at least one head strap coupled to the

mask body that 1s adapted to secure the mask to the patient’s face.

10. A mask as in claim 1, further comprising an adhesive coupled to a

bottom end of the mask body to assist in securing the mask to the patient's face.

11. A mask as in claim 1, further comprising a power supply to provide
powder to the metronome, and wherein the power supply and metronome are disposed in

a replaceable module that 1s removably coupled to the mask body. 12. 12.

12. A mask as in claim 1, further comprising one or more stimulation

electrodes operably coupled to the mask body.

13. A facial mask comprising:.

a mask body that 1s adapted to be coupled to a patient’s face;

a valve system to regulate the inflow of respiratory gases ito the mask
body and to permit the outflow of respiratory gases from the mask body, the valve system
further including a threshold valve that prevents respiratory gases flow flowing into the
mask body until a threshold negative pressure 1s met or exceeded; and

a metronome coupled to the mask body to produce a repeating chest
compression signal to facilitate the performance of regular chest compressions when

performing cardiopulmonary resuscitation.

14. A mask as in claim 13, wherein the metronome 1s configured to
produce the repeating chest compression signal a constant rate in the range from about 50

signals per minute to about 100 signals per minute.

15. A mask as in claim 13, wherein the metronome includes at least

one light source that 1s repeatedly lighted to produce the repeating signal.

16. A mask as in claim 13, wherein the metronome includes at least

one speaker to repeatedly produce an audible signal or verbal command.

14



~}] O WD b W N e

h AW N -

CA 02403816 2002-09-20

WO 01/70092 PCT/US01/08503

17. A mask as 1n claim 13, wherein the metronome is further
configured to produce a repeating ventilation signal to facilitate the performance of

regular ventilations when performing cardiopulmonary resuscitation.

18. A mask as in claim 17, wherein the metronome 1s configured to
produce the repeating ventilation signal one to two times about every 5 to about 25 chest

compression signals.

19. A mask as in claim 13, wherein the valve system further includes
an inhalation port and an exhalation port, wherein the valve system 1s configured such
that respiratory gases are permitted to flow through the inhalation port when respiratory
gases are introduced into the mask through the inhalation port, and such that expired
gases are prevented from passing through the inhalation port while being permitted to
flow out of the exhalation port when respiratory gases are expired by the patient into the

mask.

20. A mask as in claim 19, wherein the valve system further comprises
a fish mouth membrane valve unit that is configured to block gas flow to the exhalation
port when gases are introduced into the inhalation port, and to permit gases to flow to the
exhalation port while preventing the gases from flowing to the inhalation port when gases.

are expired by the patient into the mask.

21. A mask as in claim 13, wherein the valve system further comprises
a expiration valve that prevent gases from exiting the mask body until a threshold positive

pressure 1s produced within the mask body.

22. A mask as in claim 13, further comprising an inflatable bladder
coupled to a bottom end of the mask body, and at least one head sirap coupled to the

mask body that is adapted to secure the mask to the patient’s face.

23. A mask as in claim 13, further comprising an adhesive coupled to a

bottom end of the mask body to assist in securing the mask to the patient's face.

24. A mask as in claim 13, further comprising a power supply to
provide powder to the metronome, and wherein the power supply and metronome are

disposed in a replaceable module that is removably coupled to the mask body.
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25. A mask as in claim 13, further comprising one or more stimulation
electrodes operably coupled to the mask body, and a power source to supply electrical

current to the electrodes.

26. A mask as in claim 19, one or more sensors coupled to the

inhalation port and/or the exhalation port to measure certain gas exchange parameters.

27. A method for performing cardio pulmonary resuscitation, the
method comprising:

coupling a mask to a patient’s face, wherein the mask includes a
metronome and a valve system to permit the inflow of respiratory gases into the mask and
to permit the outflow of respiratory gases from the mask;

actuating the metronome to produce a repeating signal; and

performing chest compressions in cadence with the repeating signal.

28. A method as in claim 27, further comprising producing the
repeating signal a constant rate in the range from about 50 signals per minute to about 100

signals per minute.

29. A method as in claim 27, further comprising producing with the

metronome a repeating visual signal.

30. A method as in claim 27, further comprising producing with the

metronome a repeating audible signal.

31. A method as in claim 27, further comprising periodically supplying
a respiratory gas to the patient through the valve system.

32. A method as in claim 31, wherein the valve system includes an
inhalation port for supplying respiratory gases to the patient, and further comprising
preventing with the valve system any expired respiratory gases from the patient from

passing through the inhalation port.

33. A method as in claim 32, wherein the gas supplying step comprises
blowing into the inhalation port or squeezing a ventilatory bag that is coupled to the
inhalation port.
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34. A method as in claim 27, further comprising preventing with the
valve system respiratory gases flow flowing into the mask until a threshold negative
pressure is met or exceeded, and preventing expired respiratory gases from exiting the

mask until a certain pressure within the mask 1s met or exceeded.

35. A method as in claim 27, further comprising electrically

stimulating the patient with one or more electrodes that are coupled to the mask.

36. A method as in claim 27, further comprising coupling the mask to

the patient’s face with a strap that 1s placed about the patient’s head.

37. A method as in claim 27, further comprising coupling the mask to

the patient’s face with an adhesive that 1s coupled to the mask.

38. A method for performing cardio pulmonary resuscitation, the
method comprising:

coupling a mask to a patient's face, with the mask having a valve system to
permit the inflow and outflow of respiratory gases into and from the mask, wherein the
valve system includes an inhalation port;

actuating a metronome to produce a repeating chest compression signal
and a repeating ventilation signal;

performing chest compressions in cadence with the chest compression
signals; and

supplying a respiratory gas into the mask through the inhalation port in

cadence with the ventilation signal.

39. A method as in claim 38, further comprising preventing with the
valve system any expired respiratory gases from the patient from passing through the

inhalation port.

40. A method as in claim 38, further comprising preventing with the
valve system respiratory gases flow flowing into the mask until a threshold negative
pressure is met or exceeded, and preventing expired respiratory gases from exiting the

mask until a certain pressure within the mask 1s met or exceeded.
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41. A method as in claim 38, wherein the metronome 1s included 1 a
module having a power supply, wherein the module 1s coupled to the mask, and further
comprising detaching the module from the mask when cleaning the mask or to recharge

and/or replace the power supply.

42. A kit to facilitate the performance of cardio pulmonary
resuscitation, the kit comprising:

a facial mask that 1s adapted to be coupled to a patient’s face;

a carrying case for holding the facial mask, wherein the carrying case
includes a metronome that may be actuated to facilitate the performance of regular chest
compressions when performing cardiopulmonary resuscitation.

43, A kit as in claim 42, wherein the facial mask icludes a valve
system to regulate the inflow and outflow of respiratory gases, wherein the valve system
includes a threshold valve that prevents respiratory gases flow flowing into the mask

body until a threshold negative pressure 1s met or exceeded.

44. A kit as in claim 43, wherein the valve system further comprises a
expiration valve that prevent gases from exiting the mask until a threshold positive

pressure 1s produced within the mask .

45. A kut as in claim 44, further comprising a power supply, at least
one stimulation electrode coupled to the mask, and a controller to control the supply of

current to the electrode.
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